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DIGEST 


(C) 


A  fu&<i3.tneRta.i  of  the  chamistry  of  BZ  was  coaducted  u> 

assiet  in  probiemc  that  miy  arise  lo  d<>iection,  decontamtnalion,  biochensisil 
mechanism  of  »rMon.  and  metabolism.  B2  reict*  with  ft)  substitri* ed  phenyi 
isocyanates  to  yiald  2.  d'OxaaoUdinedioaee-.  {b)  nitriles  to  produce  amides 
(RiUer  reacUonJ.  and  (c)  alkyl  halides  to  give  lyoaternary  ammoasi  -  salts 
Analysis  of  BZ  can  be  accomplished  by  quatemiaatioo  iff  acetonitrile 
separation  of  reactants,  and  assaying  spectrally 
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(SS  SOME  CHEMICAL  REACTIONS  OF  BZ  {U) 

(S>  INTRODUCTION 


tU)  BZ  is  %  cnmpcund  tb»t  has  b«<>n  typ«  ctassiltcd  as  an  in«.apacitat>ng 

<  hetnical  agent  To  assist  in  the  evaluation  o«  the  biological  pro|>«rtti8  of  the 
agent,  andprebterns  of  manufacture,  storage  stability,  detection,  dti»  ^ntami- 
nation,  biochemical  mechanism  of  action,  and  metabolism,  a  iundamct  tal 
^itKsv  of  the  chemistfH  of  BZ  has  been  made. 

*S>  In  the  chemical  structure  of  BZ  there  are  three  primary  reactive 

sites:  ta)  the  tertiary  alcohol  f!>)  the  ester  linkage,  and  (c)  the  qutnuclidinyl 


nitrogen  atom.  A  survey  of  the  literature  (open  and  classified)  on  ben»ilate 
esters  containing  a  tertiary  nitrogen  in  the  p-position  of  the  alcohol 
moiety*  *2.  3.^  shows  that  most  attention  has  been  directed  to  reactions  the 
tertiary  nitrogen,  i.  e..  quaterntration  and  salt  formation,  whtle  Uttle  has  been 
done  on  the  direct  reactions  of  the  hydroxyl  function  A  considerable  effort 
has  been  ex;>ended  in  these  Laboratories  on  the  hydrolytic  cleavage  of  BZ, 

The  purpiosc  of  this  research  wa*  to  study  reactions  of  the  ternary  hydroxyl 
group  as  well  as  reactions  opeciftc  for  bensilate  enters  that  invc.l  e  a  bi 
functional  or  two  centered  attack  on  the  alcohol  and  ester  linkage  Li  addition, 
some  oreviously  unreported  qua  ernary  salts  were  prepared  as  models  to  assist 
in  the  analysis  and  identification  of  BZ  and  Us  metabolic  products 

!!  (S)  PROCEDURES  .«JiD  RESULTS. 

A-  (S)  Z,  4-  Oxaaoltldmediones. 

(S)  One  of  the  classic  modes  of  formation  of  2,4>oxazolidtned)ones 

results  from  the  reaction  of  an  a^hydroxy  ester  and  an  isocyanate  to  form  the 


SEClItT 


SeCIIET 


cotrespondinf  ur«thame.  which  is  subsequenily  cycHsed  by  heat  or  alkaline 
catalysts!  to  the  requiaUe  oxaaolidinedione.  ^ 

O  O  O 

RCH-C-OR*  R-CH-C-OR - >  R- CH  -  C* 

I  !  i  U 

OK  O  NH-R"  O  N^-R” 

\  /  \  / 
c  c* 

il  0^ 

o  o 

(S)  In  the  special  case  of  benatlate  esters,  the  oxaaoltdinedioties  are 

formed  spontaneously,  even  at  low  temperatures. *on  reaction  with  an  irc> 
cyanate.  ^  This  type  of  two-centered  attack  would  b*  specific  for  bensilatc 
esters  such  as  BZ.  By  judicious  selection  of  the  isocyanate,  the  N-sub«ti- 
tuted-5.  S'diphcnyl  oaaaolidinettione  (obtain^  as  a  single  product)  coul:‘ 
possibly  be  analysed  by  fluorescent,  colortmrtric.  infrared,  or  other  physical 


analytical  means  that  would  provide  an  unequivocal  assay  of  the  benatlate  to 
the  total  exclusion  of  other  metabolic  fragments. 


i.  (U)  General  Procedure  for  the  Preparation  of 
Oxaaolidinedionec  From  BZ. 

K  mixture  of  ’  gm  (0.003  mole)  of  BZ.  0.003  mole  of  isocyanate, 
and  10  ml  of  dry  bensene  was  refluxed  for  1  hr  The  cooled  benaenc  solution 
was  filtered  and  the  filtrate  evaporated  to  dryness  under  vacuum.  The  residue 
crystallised  from  isopropyl  alcohol  afforded  the  oxaaolidinedione 


SGdlCT 

2  (U>  Reauhn. 

Thr  OK*»otidinedione«  prepared  are  hated  i.i  table  1  They  all 
exhibit  characterifAie  infrared  abaorption#  in  the  region*  of  5.  5p  (urethane) 
and  S.  7p  (amide). 

B  (S)  RiUer  Reaction  Product* 

^5j  Ritter  et  al^  reported  the  reaction  of  nitrile*  nrith  alKbOcs  or 

lertiarv  akehot*  toTform  N  t -alkyl  amide*  The  preaence  of  ■*  tertiary 
alcohol  group  in  B2  suggested  the  possible  application  of  this  reaction  to  BZ. 

1  (Uj  General  Procedure  Tor  the  Ritter  Reaction. 

A  solution  of  1  gm  (0.  003  mole)  of  »2  and  0.004  mo»e  of  nitrile 
in  10  ml  of  glacial  acetic  acid  was  chilled  in  an  ice  bath  and  15  ml  of  con¬ 
centrated  sulfuric  acid  added  dropwise  at  a  rate  •uch  that  the  tenipciralure 
«as  mainiained  between  5°  to  fO  C-  The  reaction  mixtvre  wa*  stirred  cold 
(or  1  hr  and  at  room  temperature  for  2  hr  The  solution  wa*  poured  onto 
crushed  ice  and  neutralieed  with  saturated  potassium  carbonate  solution,  then 
extracted  with  chloroform.  The  extract  was  dried  over  anhydrous  potassium 
carbonate  or  sodium  suUate  and  the  solvent  removed-  The  residue  was 
crystallised  from  benaen*  or  benzene  petroleum  ether  (bp  30  to  60  C.  to 
yield  the  desired  products  , 

2  (SI  Results 

Table  2  lists  the  Ritter  products  prepared  They  are  colorless, 
crystalline  solids  with  definite  melting  point*  and  show  no  unusual  character¬ 
istic  absorptions  upon  infrared  analysis 
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2  (U)  Remits 

The  oxszohdinediones  prepared  arc  hsted  in  table  i  They  all 
exhibit  •. haracteriatic  inirared  absorptions  in  the  regions  of  S  5p  (urethane) 
and  S.  7p  (amide). 

B  (S)  Ritter  Reaction  Products 

(S'  Ritter  «t  al^  reported  the  reaction  of  nitriles  with  al»>:.net  or 

tertiary  alcohols  to  form  N  -alkyl  amides  The  presence  of  a  tertiary 
alcohol  group  in  BZ  suggested  the  possible  application  of  this  reaction  to  BZ. 

1  (U)  General  Procedure  for  the  Ritter  Reaction. 

A  solution  of  i  gm  (0  003  mole)  of  BZ  and  0.004  mole  of  nitrile 
m  to  ml  of  glacial  acetic  acid  was  chilled  in  an  ice  bath  and  IS  ml  of  con* 
centrated  sulfuric  acid  added  dr^wise  at  a  rate  such  that  the  te  upcra^ure 
was  maintained  between  5  to  10  C  The  reaction  mixture  wae  stirred  cold 
lor  1  hr  and  at  room  temperature  for  2  hr  The  soluti'^n  was  poured  onto 
crushed  ice  and  neutratiaed  with  satumed  potassium  carbonate  solution,  then 
extracted  with  chloroform.  The  extract  was  dried  over  anhydrous  potassium 
carbonate  or  sodium  sulfate  and  the  solvent  removed  The  resioue  was 
c  rvstallized  from  benaene  or  bentene  petroleum  ether  (bp  30  to  60  C)  to 
yield  the  desired  products 

2  (S)  Results 

Table  2  lists  the  Ritter  products  prepared  They  are  colorless, 
crystalline  solids  with  definite  melting  points  and  show  no  unusual  character- 
tslic  absorptions  upon  infrared  analysis 
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Qu«fern»ry  Ammonium  Compounds. 


(C)  When  a  tertiary  base  ts  quaternized  with  an  alkylhahde,  the 

differences  in  solubility  of  the  salt-like  product  and  the  startinij  materials 
should  be  sufficient  to  sllow  spectral  determination  of  the  base.  Several 
substituted  {^enacyi  bromide  quaternaries  of  BZ  were  prepared 


General  Procedure  for  Pret 
Saits. 


iration  of  Quaternary 


A  mixture  of  1  gm  fO.  COS  mole)  of  BZ,  0.004  mole  of  the  phenacyl 
bromide,  arxi  ml  of  chloroform  was  allowed  to  stand  at  room  temperature 
for  IS  hr.  The  solvent  was  removed  under  vacuum  and  the  residue  was 
crystallized  from  cthanol-ether.  acetonitrile -ether,  or  ethanol- 1 , 2  Himethoxy- 
ethane. 

2,  fS)  Results. 

These  products,  typical  high-melting  crystalline  solids,  are 
listed  in  table  3 


/r\/ 


o 

\  ^ 

:c-c-o 


R-*-C-CH>X, 


f\  o 

V^/r-p-c-c. 


D.  (C)  bZ  -Acetate. 

As  part  of  this  overall  program,  the  authors  were  interested  in 
preparing  the  acytaled  derivatives  of  BZ.  In  this  connection  attempts  were 
made  to  acetylate  BZ  with  acetic  anhydride  and  with  acetyl  chloride  in  pyri¬ 
dine  to  no  avail.  The  infrared  spectrum  of  BZ  indicates  strong  intramolec¬ 
ular,  or  intermolecular  hydrogen  bonding,  which  is  absent  in  its  salts.  The 
iionreactivity  observed  with  the  usual  acetylating  reagents  may  be  due  to  this 
bonding  as  well  as  to  steric  factors.  Thus,  treatment  of  the  p-toluen«sul- 
(onic  acid  salt  of  BZ  with  isopropenyl  acetate  afforded  the  acetate  quite 
smoothly. 
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(C)  TABLE  I 

PHENACYL  BROMIDE  OUATERHARY  SALIHS  OF  BZ  (C) 


Alkyl  halide 

Melting 

point 

B 

Carbon 

llydr.  ten 

jpound 

Catcul^t.cd  Found 

OC 

% 

p-Phenylphenaryi  bromide 

2l4-21b 

92 

68  68 

p-Nitrophenacyl  brom-.de 

190-191 

99 

M.9 

p.  Bromophenacyl  bromide 

1 70- 1 75 

90 

56.6 

8 -Naphtliarvl  bromide 

220-224 

95 

n7.  7  j 

67  5 

A  impure  of  £  gm  <0  0059  mule)  of  the  p^tolaenesuitonir  icsd  salt 
of  BZ,  mp  180**  to  182  C.  £Q  ml  of  isopropcnvl  acetate  and  a  few  crystals  of 
P'toluenesulfontc  acid  waa  refluxed;  acetone  was  distilled  off  slowly  over  a 
period  of  5  hr.  The  mixture  was  homogeneous  at  this  time.  The  excess 
isopropeny)  acetate  was  removed  under  vacuum  and  the  residue  made  alkaline 
With  cold  saturated  potassium  carbonate  solution.  This  was  extracted  with 
chloroform,  dried  over  anhydrous  sodium  sulfate,  aiid  the  solvent  removed 
under  reduced  pressure.-  The  residue  was  refluxed  with  diethyl  ether,  filtered, 
and  cooled  to  room  temperature,  it  yielded  0  bS  gm.  44  5%,  of  the  acetate, 
mp  121**  to  12)**C. 

Calculated:  C,  72.  g;  H,  t-  bs 
Found.  C.  72.  7  H,  b  7 

E.  (C)  Spectrophotometric  Determination  of  Small  Quantities  of  BZ 

p-Bromophenacyl  bromide  reacts  readily  with  BZ  in  acetonitrile 
forming  a  quaternary  salt.  Since  quaternary  salts  have  relatively  high  solu¬ 
bility  inwater.one  may  separate  the  product  from  reactants  and  thus  determine 
the  amount  of  tertiary  amme  origtnaUy  present.  A  plot  of  absorbancy  versus 
conce.ntration  foUows  Beer's  law.  Detailed  procedures  for  the  determination 
of  BZ  in  (a)  acetonitr  'e,  lb)  water,  and  (c)  in  human  w)iole  blocd  follow. 


CONFIDENTIAL 


II 


CONFIDENTIAL 


Reatents:  Recryctalliaed  p-bro.TiopheRacyl  bromide,  spectre- 
grade  %t:etc-itri?e.  "blorof'T*?!.  GP.  0  i  M  tr>«(hydroiTyf»!eth¥l)aminomelhanc 
(tris)  buffer  (pH  8.S).  cyclohexane,  and  BZ. 

1  (C)  Determination  of  BZ  in  Acetonitnie. 

(C)  To  0.  1  ml  ol  10*^  M  solution  of  p-bromophenacyl  tyronude  in 

acetomlrile  in  a  glass -stoppered  bottle  is  added  I  to  40  ug  of  HZ  dissolve' 
in  1  ml  of  acetonitrile.  The  solution  is  mixed  and  heated  in  a  5C'®C  'Va*. ,r 
bath  ior  10  min  After  cooling  the  solution  to  room  temperature  Z  ml  of 
Q.  1  M  KCI  and  S  ml  of  cyclohexane  are  added  and  the  mixture  it  mechanically 
shaken  for  5  min.  A  portion  of  the  aqueous  phase  is  read  spectrophoto- 
metricaily  at  265  mu  and  the  adherence  to  Beer's  law  demonstrated  (table  4. 
figure  I). 

(U)  TABLE  4 

DETERiiiNATlCH  OF  BZJN  ACETONITRILE 


fiZ 

Absorbancy^ 

ug/ml 

0 

0.066 

2.6 

0.205 

5.2 

0.  528 

7.  F. 

0.456 

10.4 

0.  597 

13.0  1 

0.  738 

s  Average  of  five  determinations 


2.  (C)  Determination  of  BZ  in  Aqueous  Solutions. 

(C)  To  2*mi  aqueous  solutions  of  BZ  (5  to  40  ugl  are  added  0.  2  ml 

of  tris  buffer  (pH  8.  5)  and  3  ml  of  chloroform  The  mixture  is  shaken 
mechanically  for  5  min  and  the  aqueous  layer  removed.  An  aliquot  of  the 
chloioform  layer  is  air  evaporated  and  the  residue  dissolved  in  1  ml  of 
acetonitrile.  The  analysis  is  then  made  in  the  manner  reported  above  (E-l.l 
(Uble  5,  figurr  2). 
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(U)  TABLE  5 

DETERMINATION  OF  B2  IN  AQUEOUS  SOLUTIONS 


BZ 

Absorbancy® 

ug/ml 

0.  62 

0  018 

1.25 

0.  058 

2.  5 

0.  101 

5.0 

C.  253 

7.  5 

0.  391 

10.0 

0.  517 

U  5 

0  64® 

*  Average  of  five  determinations. 


3.  {C)  Determination  of  BZ  in  Human  Whole  Blood. 

(C>  To  1  mi  of  human  whole  blood  is  added  a  t*mt  aqueous  solution  of 

BZ.  The  mixture  is  diluted  to  7  mi  and  thoroughly  mixed.  Ca«  miililitKr  ci 
50%  ZnSO^  IS  added,  mixed,  and  followed  by  1  ml  of  0.  3  N  Ba(OH)2*  Chloro¬ 
form  {10  rnl)  IS  added  and  the  mixture  is  shaken  mechamcally  for  10  min.  It 
IS  then  transferred  to  a  glass -stcfipered  centrifuge  tube  and  spun  at  2500  rpm 
for  10  min.  A  4-ml  aliquot  of  the  chloroform  layer  is  air  evaporated  and  the 
analysis  performed  in  acetonitrile  as  above  (tabie  6.  fi'ure  31. 

(U)  TABLE  b 

OETERMINATICN  OF  BZ  IN  WHOLE  BLOOD 


BZ 

Absorbancy* 

«g/ml 

1  7 

0  062 

3.4 

0  148 

5  1 

0  230 

5.  9 

0.2*0 

6.8 

0.  317 

8  5 

0.38* 

10.2 

1  0.47* 

•  Average  of  four  determinations. 
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III.  (C)  COWCLUSIONS. 

A  fundamental  stiKiy  of  the  chr;n>stry  of  BZ  was  conducted  to 
assist  in  problems  that  may  atisc  in  detection,  decontamination,  biochemical 
mechanism  of  action,  aad  metabolism.  BZ  reacts  with  (a)  substituted  phenyl 
isocyaaatea  to  yield  2. 4-oxaaolidinediones,  (b)  nitriles  to  p.'oduce  amides 
(Ritter  reaction),  and  (c)  alkyl  halides  to  give  quaternary  ammonium  -itts. 
Analysis  of  SZ  can  be  accomplished  by  quaternisation  in  acetonitrile,  •epara-' 
tion  of  reactants,  and  assaying  spectrally. 
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